Abstract. Signal detection and the number of signal sources are the basis of dealing with the problem of co-channel multi-signal. An algorithm based on fourth-order cyclic cumulant is proposed for multisignal detection of co-channel and signal source number estimation. Firstly, the fourth-order cyclic cumulant of the received signal is calculated. The discrete spectral lines appear at the cyclic frequency, which is related to the signal carrier frequency. Then, the discrete spectral lines are extracted based on the morphological method. The number of discrete lines for signal detection and signal source number estimates. The algorithm does not need to set the threshold value, can carry on the signal detection and estimate the number of signal sources at the same time. For at most three arbitrary types of power mixed signals, such as BPSK, QPSK and MQAM, etc., in the signal to noise ratio of about 5dB signal detection and signal source number of the correct rate is greater than 90%, and the algorithm has good robustness to spectral overlapping degree.
Introduction
Signal detection and the number of signal source estimation is a more traditional problem in the field of communication signal processing, at present a large number of relevant research results have been published. Signal detection commonly used in energy detection method, which is susceptible to noise uncertainty, anti-noise performance is poor; eigenvalue decomposition detection method, requires multi-channel receiver, achieves more complex; cycle stationary detection method, this method usually need to set the threshold, flexibility is poor. The main problem is that the above algorithms are for single signal detection. The estimation of the number of signal sources is usually based on the array method. In this paper, the problem of multi-signal detection and signal source estimation in co-channel is studied in the single-channel receiver model. An algorithm based on fourth-order cyclic cumulant and discrete spectral line extraction is proposed. The complex stationary Gaussian white noise does not have high order cycle stationary characteristics, and its fourth-order cyclic cumulant is zero. For single-carrier signal carrier frequency and the number of signal source one-to-one correspondence, and the signal cycle frequency and carrier frequency, so according to the cyclic cumulant circulation frequency axis number of discrete spectral lines for the number of sources estimate. Noise is equivalent to the number of signal source is zero, can solve the signal detection and signal source number estimation problem. The algorithm does not need to set the threshold, which greatly improves the application flexibility.
The rest of this paper is organized as follows. Section II discusses the signal model of co-channel multi-signal. Section III introduces the cycle stationary properties analysis. The detection process is introduced in Section IV. The simulation of BPSK, QPSK and MQAM is given and the result is analyzed in Section V. Section VI gives conclusion of the paper.
Theoretically, the high-order cyclic cumulants can completely suppress the stationary Gaussian noise, so that the signal can be analyzed well.
Suppose that ) (t x stands for zero mean cycle stationary signal, its n-order time-varying cumulant,
(  is a periodic function. Fourier series expansion coefficient,
Where
denotes that the logarithm value may be conjugated, and the total number of conjugate operations is q ,
.
The fourth-order cyclic cumulant used in this paper
is:
Represents the time average. The cycle frequency is:
For the raised cosine signal, the majority of energy concentrated in the bandwidth, so usually the cycle frequency is:
It can be seen that the cyclic frequency of So the cycle frequency of co-channel multi-signal is:
The above two formulas show that the fourth-order cyclic cumulant of the mixed signal is equal to the sum of the fourth-order cyclic cumulants of the independent signals, and the cyclic frequency is the union of the signal cycle frequencies. This property fully demonstrates that the cyclic cumulant can reflect the cycle stationary characteristics of each independent signal and is suitable for dealing with the co-channel multi-signal problem.
Gaussian white noise is second-order stationary and does not have high-order cycle stationary characteristics, and its fourth-order cyclic cumulant is zero. The modulation signal has a high-order cycle stationarity, and its fourth-order cyclic cumulant is not zero at the cyclic frequency. Thus, can be used as the detection statistic to distinguish the signal from the noise.
In theory, the cyclic cumulant is not zero at the cyclic frequency , According to Equation 7 type of independent signal cycle frequency and carrier frequency one-to-one correspondence, so for singlecarrier signal when each individual signal carrier frequency is not equal, their cycle frequency is not equal. According to (10) type of common-channel signal cycle frequency for each independent signal nonzero values on the cyclic frequency axis can provide an estimate of the number of independent signal sources in the co-channel signal.
The Detection Process
The cycle stationary properties reflected by the cyclic cumulants are of a progressive nature, that is, when the data tends to infinity. In practical applications, the cumulative amount of noise is generally not zero due to the limited length of the data. In particular, there is a maximum when = 0, as shown in Figure 1 .Likewise, the value of signal
is not zero at the cyclic frequency, and truncation noise occurs. When the data is sufficiently long, the value at the cyclic frequency on the cyclic frequency axis is much larger than the value of the truncated noise, and a discrete spectrum appears as shown in Fig2. Therefore, according to the location of discrete lines can be achieved cochannel signal detection.
The value of ci f 4 is better at noise resistance than the spectral line at symbol rate line to remove the line combined with morphology based on the discrete spectral line extraction algorithm at 4 times the carrier frequency of the discrete lines can be extracted to achieve the number of signal sources of common channel estimation. is not zero, and the signal detection is usually required to set the detection threshold. When the threshold is greater than the signal, otherwise there is no signal. The number of sources mentioned above is estimated based on the number of discrete lines on the frequency axis of the cycle, and it is often necessary to set the corresponding thresholds to use an effective number of discrete lines as an estimate of the number of sources. However, the specific value of and SNR and data length and so on, the threshold is not easy to set. This paper presents an algorithm for multi-signal detection and source estimation without co-channel threshold estimation.
Consider signal detection first. Given the finite data length, the maximum 0 4 ) 0 ; (  extraction algorithm also has some ability to suppress noise, the combination of the two makes the algorithm have a good inhibition of noise, and the detection probability is still high under low SNR.
Summary
In this paper, the fourth-order cyclic cumulant and morphological discrete spectral line extraction algorithm are used to detect the co-channel multi-signal and estimate the number of signal sources. The algorithm has good anti -noise performance, and the correctness of the signal detection probability and the number of signal source estimation are high at low signal -to -noise ratio, and the algorithm has good robustness to the spectral overlapping degree of each independent signal. Compared with the traditional algorithm, the biggest advantage is that the number of detection and signal source estimation is united, and there is no need to set the threshold in advance, and the practical application has very good flexibility. But also according to the needs of the signal spectrum of the pre-estimated, so that can greatly reduce the calculation of the algorithm.
